A number of studies have examined dietary patterns in various populations. However, to study to what extent such patterns capture meaningful differences in consumption of foods is of interest. In the present study, we identified important dietary patterns in Norwegian postmenopausal women (age 50-69 years, n 361), and evaluated these patterns by examining their associations with plasma carotenoids. Diet was assessed by a 253-item FFQ. These 253 food items were categorised into forty-six food groups, and dietary patterns were identified using principal component analysis. We used the partial correlation coefficient (r adj ) and multiple linear regression analysis to examine the associations between the dietary patterns and the plasma carotenoids a-carotene, b-carotene, b-cryptoxanthin, lutein, lycopene and zeaxanthin. Overall, four dietary patterns were identified: the 'Western'; 'Vegetarian'; 'Continental'; 'High-protein'. The 'Western' dietary pattern scores were significantly inversely correlated with plasma lutein, zeaxanthin, lycopene and total carotenoids (2 0·25 # r adj # 20·13). The 'Vegetarian' dietary pattern scores were significantly positively correlated with all the plasma carotenoids (0·15 # r adj # 0·24). The 'Continental' dietary pattern scores were significantly inversely correlated with plasma lutein and a-carotene (r adj ¼ 20·13). No significant association between the 'High-protein' dietary pattern scores and the plasma carotenoids was found. In conclusion, the healthy dietary pattern, the 'Vegetarian' pattern, is associated with a more favourable profile of the plasma carotenoids than our unhealthy dietary patterns, the 'Western' and 'Continental' patterns.
Our diet has an important role in promoting health and preventing disease. Traditionally, nutritional epidemiology has focused on the intake of single food items or single nutrients, and not on the entire diet (1) . However, there is a complex relationship between diet and disease. Since we consume foods and nutrients in different combinations, analysing food consumption as dietary patterns is a complementary approach to understand the diet-disease relationship (2) . There is a unique dietary culture in every country that is reflected in the dietary patterns, and few studies have been conducted on empirically derived food patterns in adult Norwegian women (3 -5) . Use of nutritional biomarkers in the evaluation of dietary patterns could provide knowledge on whether the derived patterns are meaningful. A number of studies have investigated the associations between dietary patterns and nutritional biomarkers (6 -16) . A dietary pattern that is interpreted as a healthy dietary pattern has been reported to be positively associated with serum carotenoids, vitamin C and folate (6, 7, 9, 10, 13) . Carotenoids in blood are classified into concentration biomarkers and have been widely used as nutritional biomarkers for fruit and vegetable intake (17) . Of the approximately 600 carotenoids found in plant species (18) , only a-carotene, b-carotene, b-cryptoxanthin, lutein, lycopene and zeaxanthin have been found in appreciable concentrations in human plasma (19) . Different populations tend to have different carotenoid profiles depending on their fruit and vegetable intake and lifestyle factors such as smoking status and BMI (20 -22) .
The aims of the present study were to (1) identify important dietary patterns in Norwegian postmenopausal women and (2) examine the association between the dietary patterns and plasma carotenoid concentrations. We hypothesised that a healthy dietary pattern is associated with a more favourable profile of the plasma carotenoids than an unhealthy dietary pattern.
Methods

Study sample
The subjects in the present study were women participating in the Norwegian Breast Cancer Screening Program (NBCSP), a government-funded national screening programme administered by the Cancer Registry of Norway (23) . All Norwegian women aged 50-69 years were invited to a bilateral two-view mammogram biennially. The participation rate in the NBCSP was 77 % (24) , with about 250 000 women being invited per year. In 2006/2007, the NBCSP invitation letter for mammographic screening included a question on willingness to complete a dietary questionnaire. A total of 67 527 women agreed to participate. In 2008, a consent form and a FFQ were sent to a random sample of 10 000 of these women. A total of 6974 returned the FFQ; of these, forty-six were not filled in and, therefore, excluded from the study. We further excluded 158 women who had missing data on height and weight, five women who had missing data on age and forty-one women who had missing data on smoking status. Furthermore, twenty women were excluded because of improbable height and weight status (seven with self-reported height ,125 cm and thirteen with self-reported weight ,30 or .170 kg). We excluded fifteen women because their age was not in the range of 50 -69 years, four women because of BMI , 15 or .50 kg/m 2 ; and 204 women because of implausible energy intake (, 2100 or . 15 000 kJ/d). This left us with a total sample of 6481 women (NBCSP subsample). Of the initial sample of 6974 women, more than 90 % agreed to provide saliva and blood samples. A self-collection kit containing necessary equipment for collecting both saliva and fingertip blood samples on a filter paper was sent to 4597 women. We received 3258 saliva and 3263 blood samples. Funding was available for a subset of laboratory analyses. The main focus of the parent study was breast cancer and mammographic density (25) ; therefore, analyses of blood samples were restricted to women who also had an analogue mammogram (n 632) and who fulfilled the inclusion criteria for that study (n 387). In addition, we restricted analyses to women who followed the instructions given for the storage of blood samples. We were then left with blood samples from a subsample of 361 women in whom the carotenoid analyses were conducted. Thus, we had both dietary and plasma carotenoid data from these 361 women. The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Regional Ethics Committee and the Norwegian Data Inspectorate. Written informed consent was obtained from all subjects.
Dietary assessment
A sixteen-page, 253-item FFQ was designed to capture the habitual food intake among Norwegian adults the preceding year, with an extra focus on the intake of fruit, vegetables, antioxidant-rich foods and beverages. It was based on a previously validated 180-item FFQ designed to cover the total energy intake in the Norwegian population (26) , which was later expanded to a 270-item FFQ to cover the most antioxidant-rich foods and beverages in Norway (27) . Energy and food intake estimated from the 270-item FFQ was validated. Energy intake was evaluated against independent measures of energy expenditure using the ActiReg w system (PreMed AS) (motion detection), whereas 7 d weighed food records were used to study the relative validity of food and nutrient intake (27, 28) . The correlation coefficient between energy intake and energy expenditure was 0·54. Correlation coefficients between the FFQ and the weighed food records were 0·41 for berries, 0·61 for fruit and 0·38 for vegetables (27) . This FFQ was also validated for ranking individuals according to their usual intake of fruit, juices and vegetables by using the method of triads with two independent and specific biomarkers of fruit and vegetables, the FFQ and 7 d weighed food records. The validity coefficients ranged from 0·60 to 0·94 (28) . We revised the 270-item FFQ, by removing seventeen items that were seldom or never eaten, resulting in a 253-item FFQ. For each food item, participants indicated their frequency of consumption ranging from never/seldom to several times per d. The portion size per consumption was asked in household units such as slices, glasses, cups, pieces, spoons and teaspoons. When a respondent only answered about the frequency of consumption, but not the portion size, the food item was given the smallest portion size. If only the amount of the food item was given, the frequency was set to 0. The questionnaire also collected information about dietary supplements, age, height, weight, smoking status, physical activity, illnesses and medication. Daily intake of energy, nutrients and foods was computed using the food database AE-07 and KBS software system (version 4.9 2008; KBS) developed at the Department of Nutrition, University of Oslo, Norway. The food database AE-07 is based on the 2006 edition of the Norwegian food composition table (http://www. norwegianfoodcomp.no) supplemented with data from other tables and calculated recipes. Intakes from supplements were included in the calculations.
The 253 food items were categorised into forty-six food groups based on similarity in ingredients, nutrient profile or culinary usage (Table 1 ).
Blood collection and carotenoid analyses
A self-collection kit containing necessary equipment and a detailed instruction on how to collect fingertip blood samples on a filter paper were sent to the participants by mail. The first two spots on the filter paper were impregnated with a proprietary stabilising solution (Vitas AS). The blood samples were collected after fasting overnight, and each participant collected capillary blood sample from a fingertip directly on the filter paper (Whatman 903 paper; GE Healthcare), which subsequently dried for 8 h. The filter paper with the dried blood spots (DBS cards) was stored in an airtight alumina bag together with a silica drying medium (Whatman) and mailed by regular mail to the study centre. The DBS cards were stored at 2 808C at the study centre. Quantification of carotenoids in the DBS was performed by the contract laboratory Vitas AS. In short, five punches of 3·2 mm from each DBS were punched into vials, distilled water was added and mixed, proteins were precipitated, and carotenoids extracted with isopropanol as an internal standard (b-apo-8-carotenal; Sigma-Aldrich). HPLC-UV analysis was performed on an The total variation (CV%, n 50) for these quality control samples ranged from 7·8 to 9·0 % for lutein, b-carotene, lycopene and b-cryptoxanthin; 21·0 % for the low-abundant zeaxanthin; and 20·1 % for a-carotene. The total carotenoid concentration in plasma was calculated as the sum of the individual carotenoid concentrations quantified in this analysis.
Statistical analyses
Descriptive statistics were used to summarise the characteristics of the study sample (n 361) and the NBCSP subsample (without the study sample, n 6120). We studied the differences between the study sample and the NBCSP subsample by independent-samples t test for continuous variables and Pearson's x 2 test for categorical variables. Principal component analysis (PCA) was used to derive the dietary patterns based on the correlation matrix of the forty-six food groups. Before extracting the components, the suitability for using PCA was assessed by the KaiserMeyer-Olkin measure of sampling adequacy and Bartlett's test of sphericity (29) . The Kaiser-Meyer-Olkin value was 0·63, which is above the suggested minimum of 0·50 (30) , and Bartlett's test of sphericity was significant (P, 0·001), supporting the suitability of the data for PCA. To determine the number of meaningful components to retain, we considered the eigenvalue-one criterion, the scree test, the proportion of the variance accounted for and the interpretability criterion (1) . For interpretation purposes, varimax rotation was performed on the retained components. We considered food groups with a factor loading whose absolute value was $0·3 to load on that component. Finally, each woman's score was calculated for each of the retained components. We interpreted the retained components as dietary patterns and labelled them according to the more or less healthy combinations of food groups. 
The plasma carotenoids were log e -transformed, and the correlations between these plasma carotenoids and the identified dietary patterns were estimated by bivariate (Pearson) and partial correlation coefficients (r adj ), adjusting for age (continuous), total energy intake (continuous), BMI (continuous), smoking status (yes/no), intake of vitamin supplements (yes/no) and alcohol intake (continuous). The partial correlation coefficients are presented with 95 % CI based on 1000 bootstrap samples. The associations between log e -transformed plasma carotenoids (response variables) and the dietary patterns were further studied by multiple linear regressions. The women's scores for each dietary pattern were categorised into quartiles. The regression models included the same covariates as in the calculation of partial correlation coefficients. To test for trend, the dietary pattern was modelled as a continuous variable in the regression analyses. We report adjusted back-transformed marginal means of plasma carotenoids (mmol/l) with 95 % CI.
All tests were two-sided and P,0·05 was considered statistically significant. Statistical analyses were conducted using SPSS version 20.0 (IBM Corporation). Table 2 presents the selected characteristics of women in the study sample (n 361) and the NBCSP subsample (without the study sample, n 6120). There was a significant difference in age between the two samples (P¼ 0·001), although the mean values were quite similar (57·1 years in the study sample and 57·9 years in the NBCSP subsample). No significant differences were found regarding BMI, alcohol intake, energy intake and multivitamin use (0·53 # P#0·87), while the proportion of smokers was significantly lower in the study sample than in the NBCSP subsample (14 v. 20 %, P¼ 0·005). Furthermore, women in the study sample were significantly higher educated (P¼0·01) than those in the NBCSP subsample. Plasma carotenoid levels for the study sample are also presented in Table 2 .
Results
The forty-six food groups that formed the basis for the PCA are presented in Table 1 . We identified four major dietary patterns, all with eigenvalues $2·0. The scree plot showed a clear break point, justifying the retaining of the four dietary patterns. The four retained dietary patterns accounted for 6·1, 6·1, 5·7 and 5·1 %, respectively, of the total variance. The four dietary patterns with food groups having factor loadings with absolute values $0·3 are presented in Table 3 . The first dietary pattern was labelled 'Western' because of the high positive loadings for potatoes, cakes and desserts, refined grains, high-fat dairy products, sauce, sweet spreads, margarine, sugar-sweetened beverages, cheese, whole grains and low-fat dairy products. The second dietary pattern was labelled 'Vegetarian' because of high loadings for herbs and spices, vegetables, vegetarian food, salad dressings, soya sauce, rice, legumes, nuts and seeds, tea, fruits and berries, and whole grains. The third pattern was labelled 'Continental' because of high loadings for tomato sauce, pasta, fat-rich potatoes, processed meat, pizza, sweets, red meat and game, mustard, salty snacks, wine, and rice. The fourth pattern was labelled 'High-protein' because of high loadings for fish, meat dishes, eggs, vegetables, red meat and game, processed meat, poultry, and mayonnaise. Table 4 presents the adjusted partial correlation coefficient between the four dietary pattern scores and the plasma carotenoids, and the adjusted means of plasma carotenoids across the quartiles of dietary pattern scores in order to study potential trends. Pearson's correlation coefficients were also calculated, but are not presented since these were similar to the adjusted partial correlation coefficients. The 'Western' pattern scores were significantly inversely correlated with plasma lutein, zeaxanthin, lycopene and total carotenoids (2 0·25 # r adj #2 0·13). We found a significant decreasing trend across the quartiles of the Western pattern scores only for plasma lycopene (P trend , 0·001). Mean lycopene decreased from 0·263 mmol/l in the lowest score quartile to 0·196 mmol/l in the highest score quartile (a 25 % decrease). The 'Vegetarian' pattern scores were significantly positively , 0·07  Q1  0·141  0·107, 0·176  0·129  0·099, 0·158  0·151  0·123, 0·179  0·157  0·127, 0·188  Q2  0·150  0·120, 0·182  0·141  0·113, 0·170  0·168  0·138, 0·197  0·166  0·139, 0·196  Q3  0·176  0·148, 0·206  0·163  0·134, 0·194  0·157  0·127, 0·189  0·153  0·122, 0·185  Q4  0·164  0·131, 0·200  0·201  0·169, 0·235  0·156  0·125, 0·188  0·155 0·126, 0·185 , 0·19  Q1  0·090  0·072, 0·111  0·091  0·075, 0·109  0·108  0·091, 0·128  0·093  0·077, 0·112  Q2  0·093  0·077, 0·113  0·092  0·077, 0·110  0·112  0·094, 0·135  0·099  0·084, 0·118  Q3  0·111  0·094, 0·133  0·097  0·081, 0·116  0·094  0·078, 0·114  0·108  0·089, 0·131  Q4  0·118  0·096, 0·145  0·134  0·111, 0·163  0·096  0·079, 0·117  0·110 0·092, 0·131 , 0·08  Q1  0·340  0·278, 0·417  0·320  0·269, 0·383  0·356  0·302, 0·420  0·360  0·302, 0·428  Q2  0·336  0·279, 0·404  0·311  0·262, 0·369  0·379  0·319, 0·451  0·355  0·301, 0·419  Q3  0·375  0·318, 0·443  0·329  0·277, 0·390  0·338  0·282, 0·404  0·366  0·305, 0·440  Q4  0·359  0·295, 0·438  0·470  0·390, 0·566  0·338  0·281, 0·407  0·330  0·278, , 0·05  Q1  0·263  0·220, 0·314  0·215  0·184, 0·251  0·211  0·183, 0·244  0·239  0·205, 0·278  Q2  0·233  0·198, 0·273  0·213  0·183, 0·247  0·220  0·189, 0·256  0·217  0·188, 0·250  Q3  0·231  0·200, 0·267  0·227  0·195, 0·264  0·243  0·208, 0·284  0·249  0·212, 0·292  Q4  0·196  0·165, 0·233  0·268  0·228, 0·315  0·246  0·210, 0·289  0·215  0·185, 
correlated with all the plasma carotenoids (0·15 # r adj # 0·24), and with significant increasing trends across the quartiles (P trend # 0·01). Mean total carotenoids increased from 1·030 mmol/l in the lowest score quartile to 1·399 mmol/l in the highest score quartile (a 36 % increase). The 'Continental' pattern scores were inversely correlated with most of the plasma carotenoids, although only significant for lutein and a-carotene (r adj ¼ 2 0·13). We found a significant decreasing trend for both lutein and a-carotene across the quartiles of the 'Continental' pattern (P trend # 0·05). This pattern had a non-significant positive correlation with plasma lycopene (r adj ¼ 0·10, P trend ¼ 0·07). Finally, no significant correlations between the 'High-protein' pattern and the plasma carotenoids were found (2 0·07 # r adj # 0·07).
Discussion
In the present subsample of middle-aged postmenopausal Norwegian women, we identified four main dietary patterns: 'Western'; 'Vegetarian'; 'Continental'; 'High-protein'. Furthermore, we found that the healthy 'Vegetarian' pattern was associated with a more favourable profile of the plasma carotenoids than the more unhealthy 'Western' and 'Continental' patterns. We found no significant associations between the 'High-protein' pattern and the plasma carotenoids. Studies on dietary patterns derived from PCA for women in this age group are limited. Dietary patterns will never be exactly the same across studies; however, in most populations, a healthy ('Prudent') pattern and a less healthy ('Western') pattern have been identified (31) . Our 'Western' pattern is, to some extent, similar to 'Western' patterns found in previous studies, which is usually characterised by high loadings of red meat, processed meat, butter, potatoes, refined grains and high-fat dairy products (32 -34) . We labelled our 'Prudent' pattern the 'Vegetarian' pattern since all the food groups with high loadings represented in this pattern are plantbased. Similar patterns have been reported by other researchers. A study conducted on active and retired female teachers from California found five dietary patterns, and one, labelled 'Plant-based', was characterised by high loadings of fruit and vegetables (35) . An Australian study of young, middle-aged and older women identified six dietary patterns, of which two, 'Cooked vegetables' and 'Fruit', had high loadings of vegetables and fruits, respectively (36) . Our 'Continental' pattern is, to some extent, similar to the 'Pasta and meat' pattern found in the Italian European Prospective Investigation into Cancer and Nutrition cohort (37) , and to the 'High protein, high-fat' pattern found in California (35) . Furthermore, in a study of middle-aged Norwegian women (age 41 -55 years, n 35 554) on dietary patterns and lifestyle factors, one of the patterns had high loadings of rice, pasta, red meat and meat products, pizza, chocolate, and salty snacks (5) .
The ability to measure habitual food intake accurately is difficult when the assessment relies on self-reported dietary data. We used plasma carotenoids as objective biomarkers to see whether the obtained dietary patterns were meaningful. The negative associations that we found between the 'Western' pattern and the plasma carotenoids are as expected, since neither fruits nor vegetables were represented among the food groups with high loadings in this pattern. In contrast, there was a significant increasing trend in the mean total plasma carotenoid values from the lowest to the highest quartile of 'Vegetarian' pattern scores. Comparisons with other studies are limited, as only a few studies have investigated the association between empirically derived dietary patterns and plasma carotenoids. Our findings are consistent with those of a study conducted among men from the Health Professionals Follow-up Study in the USA (38) , showing that the 'Prudent' pattern was positively and the 'Western' pattern was negatively associated with plasma carotenoids. Pearson's correlation coefficients between the 'Prudent' pattern and different plasma carotenoids ranged from 0·03 to 0·26, whereas for the 'Western' pattern ranged from 20·26 to 2 0·06. These estimates are in the same range as those found in the present study. Our findings are also consistent with those of Talegawkar et al. (13) who studied African American men and women in the southern USA and identified four dietary patterns by cluster analysis ('Fast food', 'Southern', 'Prudent' and 'Juice'), and found that subjects belonging to the more unhealthy patterns had lower concentrations of serum carotenoids than those belonging to the more healthy patterns. A study of men and women aged .65 years in the UK reported higher plasma carotenoids among the participants with a healthy dietary pattern compared with those with more unhealthy patterns (39) . For the 'Continental' pattern, the highest factor loading was for tomato sauce. Lycopene is found in high concentrations in tomatoes, and food processing and cooking improves intestinal absorption (40) . As expected, we found an indication of a positive association between plasma lycopene and this pattern, and an increasing trend in the plasma lycopene of women from the lowest to the highest quartile of the 'Continental' pattern scores. Hendrickson et al. (41) developed empirical prediction models (where foods were weighted according to their relation to biological nutrient levels) for plasma carotenoids, and found that the individual food explaining the largest percentage of variation in plasma lycopene was tomato sauce. Maiani et al. (19) reported that in France, the Republic of Ireland, the UK, The Netherlands and Spain, the major foods contributing to lycopene intake in adults are fresh tomatoes, canned tomatoes, tomato soup, pizza and tomato purée, which tend to have a low content of other carotenoids. As in the 'Western' pattern, fruits and vegetables were not among the food groups with high positive loadings in the 'Continental' pattern. In fact, fruits and berries had a high negative loading (2 0·33), and we found significant inverse associations between this pattern and plasma lutein and a-carotene.
Finally, for the 'High-protein' pattern, we did not find any associations with the plasma carotenoids, even though vegetables were represented by high factor loadings. The reason for why there was no association between the plasma carotenoids and this pattern is uncertain, but may be due to over-reporting of vegetables. In a study of 3730 pregnant Finnish women, Arkkola et al. (42) found seven dietary patterns. In the 'Traditional bread' pattern, berry juice was the only carotenoid-rich food group represented by factor loadings . 0·3; however, it had no impact on the association between this pattern and the plasma carotenoids (r 0·06). The present study holds some limitations. Validated FFQ are accepted as a tool in nutritional epidemiological investigations (2) , despite known measurement errors, both random and systematic (43, 44) . As in all studies using self-reported dietary intake data, measurement errors are inevitable. FFQ require that the respondents remember the amount and frequency of intake of a substantial amount of food items, as a result of which there arise numerous cognitive difficulties (45) . A general under-reporting of food intake, especially among overweight participants, is a well-known limitation of selfreported dietary intake (46, 47) . Over-reporting of 'healthy foods' related to social desirability has also been reported (48) . A FFQ may also cover less of the total diet of some individuals than others due to the closed food list. Such measurement errors may distort the composition of the food groups in a dietary pattern, and may have made it more difficult to discern distinctive patterns. Whether this could have biased the associations between the dietary patterns and the plasma carotenoids is more difficult to predict. In general, measurement errors tend to obscure the associations.
Many subjective decisions are made when assessing dietary patterns. This can have a direct impact on the number and type of dietary patterns derived. The first decision is how to group the food items, and then whether to adjust the food group variables for energy before entry into the PCA. Furthermore, decision has to be made regarding the criteria for determining how many components to extract (i.e. the eigenvalue cut-off and the break point in the scree plot) as well as the method of rotating the selected components. Northstone et al. (49) found differences between the dietary patterns obtained using unadjusted and energy-adjusted (by the residual method (50) ) food group variables in the PCA; however, these differences did not have any major impact on their further analysis of the associations with nutrient intakes and birth weight. They concluded that 'it is sufficient to make energy adjustment when analysing the effects of the dietary patterns on the outcome of interest'. Smith et al. (51) found no benefit associated with using energy-adjusted gram weights or percentage energy contribution as the input variable strategy, and their recommendation was to use weights of foods to describe underlying dietary patterns in a population. Thus, we did not adjust the food group variables for energy. By using the correlation matrix of the forty-six food group variables in the PCA, and not the covariance matrix, the variables were standardised. The three components retained from the PCA accounted for 23·0 % of the total variance. This is consistent with the results of other studies that have used comparable methods where the explained variance was 21 -26 % for four components (37,52 -54) . The percentage of the variance of the food group variables that is explained by the components depends on the number of variables included. We had forty-six food groups as input variables to the PCA. With even more aggregation of the food groups, it is likely that we would have accounted for a higher proportion of the variance, but the level of detail would be reduced, which was undesirable. When comparing the characteristics of the subjects in the study sample and the NBCSP subsample, we found significant differences in age, education and smoking status. The age in the study sample was 57·1 v. 57·9 years in the NBCSP subsample. Although the difference was significant, the difference was rather small, and although theoretically possible, we think it is unlikely that this slight age difference has introduced selection bias in the present study. The proportion of smokers was lower in the study sample than in the NBCSP subsample (14 v. 20 %) , and the subjects in the study sample were somewhat higher educated. Smokers are known to make poorer food choices and consume a more energydense diet that is inferior in nutritional quality to that of non-smoking adults (55, 56) . The present results from a slightly 'healthier' population may, therefore, not be generalisable to all women participating in the NBCSP. However, to what extent these differences in smoking and education resulted in any selection bias that affected our findings is not obvious.
With a healthier population, we could speculate that the population may be more homogeneous, which may have impaired our ability of finding any dietary patterns, whether healthy or unhealthy.
In conclusion, we identified four dietary patterns: 'Western'; 'Vegetarian'; 'Continental'; 'High-protein'. All the plasma carotenoids were positively associated with the 'Vegetarian' pattern, while inverse associations were observed between most of the plasma carotenoids and the 'Western' and 'Continental' patterns. There were no associations between the 'High-protein' pattern and the plasma carotenoids. These results show that our healthy dietary pattern, the 'Vegetarian' pattern, is associated with a more favourable profile of the plasma carotenoids than our unhealthy dietary patterns, the 'Western' and 'Continental' patterns. Empirically derived dietary patterns are associated with some uncertainty since they are influenced by the measurement errors in the underlying methods of dietary assessment. Therefore, measurement of nutritional biomarkers can be a useful tool for validating dietary patterns.
